Abstract
Introduction
Biogas is one of the renewable energy sources which is currently receiving increased attention mainly due to its high electrical efficiency and low environmental impact [1] as well as to substitute or at least to reduce the use of conventional fossil fuels. Biogas mainly consists of Methane produced from anaerobic decomposition of organic waste in a controlled landfill representing as a digester. Methane potentially composes bio-energy which can be used to generate electricity and heat, or even transformed into other kind of energy. Temperature and relative humidity (RH) have an important role in biogas fermentation [2] . The potency analysis example of a biogas production with a case study in landfill Pontianak Indonesia can be seen in [3] . Data of temperature and RH are necessary to analyze the bio-energy system regarding its application for biogas energy systems [4] . Along with the rapid development of technology and the increasing human mobility, supervision and data acquisition of a process is very important to be done. Telemetry system as remote measurement system can be applied for these purposes. This system can improve the efficiency and ease supervision and data acquisition the energy production process in anaerobic digester anywhere and anytime.
However, the use of current sophisticated technology has raised the problem for the implementation of supervision and data acquisiton in terms of telemonitoring bio-energy process in anaerobic systems operated in developing countries. High capital budget and lack of technical capabilities on using the technology are the most common reasons. Building a new communication infrasturucture is also another problem to be solved, since many locations in developing countries lacking of communication infrastructure. Therefore, a low cost technology for telemonitoring the process will economically be acceptable to be used in developing countries. The technology has to consider the common infrastructure available at the location where the system will be implemented.
A solution proposed in this paper is to use Android-based smart phone as a reader of the telemetric temperature and RH at anaerobic system. Smart phone based on Android operating system (OS) used in this research since it is one of the popular OS which controls [5] . This kind of smart phone has been used dominantly in developing countries due to the simplicity to get the application installers which are mostly free of charge. Android is an open source programming that can be modified to add unavailable features.
Since it is open to be developed, the application extension is restricted by human programing capability. Telemetry systems using Android is still not commonly used. By considering its advantages, mobile telemetry systems using Android is potentially to be developed in order to solve the problem of the conventional technology. In fact, measurement of temperature and RH at the anaerobic digester is generally still done manually especially in developing countries, such as landfill in Indonesia and also in previous research [6, 7] . The mobile monitoring system will improve efficiency and capability of the analysis. There has been several telemetry systems non-Android based developed on different applications through various technologies. An example of application of telemonitoring using web-SCADA (Supervisory Control and Data Acquisition) to monitor wind-photo voltaic power system can be seen in [8] . SCADA is one of the sophisticated technology, some problems mentioned ealier may raise for the implementation in developing countries. A telemetry system based on Web interafece is proposed to measure the temperature can be seen in [9] on the hot steam diverter pipe via Radio-Frequency Identification (RFID) with short measurement range and in [10] on the high-voltage equipment. Similar to the web-SCADA, these systems also need server to support the Web. Furthermore, telemetry system based on Java ME (Micro Edition) has been proposed in [11] . Although Java ME is open source, but the hardware specifications based on Java ME phones lower than on phones with Android operating system, and also less popular than Android phones, especially in developing countries.
In many studies of telemetry systems that have been presented, telemetry systems using Android based phone as the interface is still not commonly found. Each of researchers used various in delivery of measurement data, and the difference form of hardware and software as well as the parameters measured. A telemetry system with Android using efficient transmission techniques has been designed in [12] through Tmote Sky and using wireless local area network (WLAN) as a communication device to Android, it had drawbacks on distance limitations of WLAN coverage and power consumption large electric WLAN devices. Bluetooth was used in [13] as the communication to the Android device, together with WLAN, Bluetooth has a range shorter transmission range of about 10 meters, although the electric power used more sparingly. One of the communications media that has a broad reach and away is the internet, such as presented in [14] . Yet it needed a WEB server and the cost of hosting a WEB Server which is not cheap [15] . SMS Gateway has been used in [15] as the link to the Android device microcontroller. SMS has an extensive network and does not require WEB Server as SMS already has its own service center provided by the provider. Moreover, its interface to the microcontroller is easier to be done. In the current researches about the study of telemetry systems using Android-based phone, the interface on Android application was designed to have a simple shape such as in [12] [13] [14] [15] . Those papers however describe the measurement of data without the time display of measurement and not in the form of tables or graphs, while in [14] , it did not show what kind of interface which was created. Another example of application of Android for online monitoring in Agriculture and Biomedical Engineering can be seen in [16] [17] [18] [19] [20] [21] .
In the mentioned application, it can be seen that there is rare application of Android based smartphones measurement systems in anaerobic digester to monitor the biogas energy production process. This paper will present an autonomous monitoring system related to this application. To facilitate retrieval of data measurement, a telemetry system would be very helpful. In the presented paper, the developed telemetry system could record data through the application to be available for acquisition on Android smartphones and was also being equipped with a data storage media such as Secure Digital (SD) Card on the hardware part. Later on, the interpretation of the data can be used for supervision to the system conditioning. Figure 1 shows a schematic diagram of the developed telemetric measurement system for temperature and RH. There are two parts based on the location which are access module and measurement module. Access module is purposed to receive the measurement data which later on will be processed and display on Android based smart phones or tablets. Measurement module has main functions to get the data through sensor circuits, to process the data through microcontroller, to display the data using liquid crystal display (LCD) and to transmit the data to smart phone(s) with the mobile number that has been set in the microcontroller. The system design was divided into two parts: hardware and software. 
Research Method

Hardware Design
The hardware consists of control system components (i.e. controller, sensor and display) and communication. Some components are explicitly displayed in Figure 1 . The controller was designed by using AVR microcontroller ATMega1284P with basic programming language using Bascom AVR Software. A minimum circuit microcontroller bases on the calculation of power supply using Ohm law and required clock. A Wheatstone bridge circuit has also been used for voltage regulation. The analog to digital converter (ADC) was applied to make the measurement signal can be computed in the microcontroller.
There are three parameters measured, i.e. temperature outside and inside the biogas digester, as well as the RH around the digester. Communication between the microcontroller and Android used Wavecom M1306B GSM modem via Short Message Service (SMS) Gateway. Telemetry interface on Android application is made by software that has been integrated with Java Eclipse Android Development Tools (ADT) Plug-in, and use the Java programming language and XML. LM35 sensor is wrapped with stainless steel probe as a temperature sensor inside the digester, and SHT11 as temperature and RH sensor outside the digester. For data storage media used Secure Digital Memory Card (SD Card) that is compatible with Multi Media Card (MMC). The SD card was to accommodate the data before it was sent to be used as the backup data that can be retrieved at any time and make it easier for long-distance data transmission in the form of data packets. The maximum capacity of SD Card used measuring 8 GB. Applications built implemented for the Android smart phone devices equal or above version 2.1 (Eclair) and does not address the cost of sending an SMS.
The main power supply uses a battery 12 V placed at the location of measurement. Microcontroller, RTC DS1307, SHT11 sensors, and sensor DS18B20 had a working voltage of 5 V, while the SD card requires a voltage of 3.3 V. Therefore, the SD Card needed a voltage regulator IC Low Dropout Regulator (LDO) with type L7850 to 5 V and AIC1722A-33P to a voltage of 3.3 volts. The microcontroller has a logic voltage of 5 volts on condition HIGH. While the SD card 2.8 volts to 3.6 volts to satisfy the conditions HIGH. Consequently, to avoid potency of damaging the SD card, a voltage divider was implemented.
In order to save the date and time when the system is running but power supply is turned off, a Lithium Cell 3 V battery was used. Communication with a convenient SD Card used a Serial Peripheral Interface (SPI).
Modem used was one type of modem Fastrack M1306B Wavecom. It supports ATCommand communication with RS232 serial output. There are different levels of communications using this modem, therefore IC MAX232 used as an interface in order to be LM35 temperature sensor has an analog output signal so that ADC is required. ATmega1284P microcontroller has an internal 10-bit ADC port. In this research, the sensor was connected that port. The sensor was then wrapped using a probe made of stainless steel to be water proof. RH is a ratio describing a percentage of the actual water vapor pressure to the saturated vapor pressure at a certain temperature [22] . Meanwhile, according to Damian, et al. [23] , RH is the percentage of saturated vapor pressure which describes the actual vapor pressure, in other words the ratio of air humidity in the atmosphere at the moment with a maximum humidity that can be accommodated by the atmosphere. RH percentage is calculated as follows, *
100%
(1) where p(H2O) : partial pressure of water vapor in the mixture p*(H2O) : saturated vapor pressure of water in the mixture Furthermore, to connect the sensor and microcontroller ATmega1284P to temperature and RH sensor namely SHT11, two-wire Serial interface communication was used. This communication requires two pins from one microcontroller port. Pull-up and pull-down resistors were used to create a logic state on the path HIGH DATA fixed on the conditions when there is no signal from the microcontroller. The converse pull-down resistor to make logic state on line CLK (clock) becomes low when no signal from the microcontroller. Sensor SHT11 used a module named artificial Innovative Electronics DT-Sense SHT11. This module already has a pull-up and pull-down resistors.
Software Design
There are two main parts in software design, which are microcontroller and androidbased smartphone programming. In general, the working configuration of the telemetric measurement system can be set offline and online. Offline setting typically use computers contain readers and writers program for the EEPROM microcontroller since the parameters are commonly stored in it. In the research presented in this paper, the offline setting was not carried out using a computer but through file in the SD card containing a few lines of code. The file would always be read by the microcontroller in the beginning and then the parameters were stored in the EEPROM. A config.ini file embedded in the SD Card used as a control of the autonomous telemetric measurement system. For instance, the first line in coding in this file was the sampling time of recording data to the SD Card in minute, while the second line was the recipient of a number of Android phones.
At the beginning microcontroller turned on, it will check and read the existence of this file. Reading was then performed sequentially line by line and the information was stored in 766 each variable to be used in the next algorithm. The software in the microcontroller consisted of several main function such as acquiring the necessary data, storing data and sending it. The coding was built by using BASCOM AVR programming language. The coding consisted of two algorithm, namely main and interruption algorithm (SMS configuration and commands in Android application). On startup process, microcontroller did configuration which is mainly for external equipment such as GSM modem, internal temperature sensors and devices used to detect incoming SMS interruptions. As long as there is no interruption of the microcontroller performing routine activities of reading time and date, temperature and RH data from the sensors.
There was also interrupt routine program. This program was meant to change some system configurations via remotely using SMS containing specific text. Interrupt vector RS232 was turned on since the microcontroller started up. It was used to detect the reception of characters from the modem. If there are characters sent by modem to a microcontroller, then the interrupt vector would carry out routine checks to know the contents. Character ATCommand indicating the incoming SMS is "AT + CNMI". If it is correct, then it is followed with reading SMS (AT + CMGR). Once the mobile number is matching, the content of SMS is compared with an SMS code stored in the EEPROM to determine which command to be run. The command codes are listed in Table 1 . There are three things to do in the interrupt routine algorithm. Firstly, reset the microcontroller is performed since the possibility of error in the sequence of software steps that can mess up the system so that it needs to restart the process from the beginning. Secondly, the delivery of data, this is done to start sending the measurement data to the smart phone. Thirdly, changing the sampling time of data recording of temperature and RH, it does not always take the same sampling during operation.
The application interface was designed in the form of activities that have specific functions in accordance with the existing process. The structure of the application interface is designed as follows: 1. Main Menu: provides the option of accessing other provided activities. 2. Display Table: displays the measurement results in a table view. 3. Graphic Display: displays the measurement results in a graphical display. 4. Set Time Sampling: sets the sampling time data recording 5. Help: details explanation of features, applications, and how to use the software.
The proposed system has been developed by using SQLite database built automatically by the application processing text (i.e. SMS) from the default Android smart phone. Telemetric measurement system will call messages that have been saved to default database message processing application. When a message in the phone contains the measurement data of temperature and RH, the data will be intercepted from entering the default message inbox processing applications. The data is then processed by using Array Adapter, as one method to put the data into the array in Java programming, and displayed using a component data viewer on Android List View. At the table view activity, the receiving data will be processed into a graph using Achart Engine as extension library to build graphs on Android programming using Eclipse integrated development environment (IDE).
Results and Analysis
Laboratory Scale Test
Sensors-testing was carried out by comparing the sensor measurement value generated by the sensor of the measuring instrument Digital Thermo-Hygrometer as the reference. In the telemetric system, it has LCD display on site location. , while the second line shows the RH measured by sensor SHT11. Digital Thermo-Hygrometer used has two sensors: external sensor to measure temperature and internal sensors located inside the casing to measure temperature and RH. For the comparison with LM35, only internal sensors of the Thermo-Hygrometer were taken into account. Temperature and RH values of the internal sensor are displayed on the second and third line on the LCD Thermo-Hygrometer as shown in Figure 2 . Figure 3 presents the temperature measurement using LM35, SHT11, and ThermoHygrometer. The data of sensor LM35 close to the standard one, while there are small errors when compared by SHT11. Both of sensors reveal the close trend line in temperature measurement. There are several factors that lead to gap or error in temperature value of sensor SHT11 against measured by Thermo-Hygrometer as the reference. The greatest error was 1.68 °C (at the 7th sample in Figure 3 ) and the smallest is 0.08 °C (at the 17th and 19th samples). Temperature value of sensor LM35 has the closest trend with one measure by ThermoHygrometer. The highest error was at the 12th sample, i.e. while the smallest error was 0.13% on the 12th sample. Mean error and mean squared error of RH using SHT11 were repectively 1.378 % and 2.629%.
Furthermore, a laboratory scale testing of the telemetric system including its performance were done by recording the data 2x24 hours without being interrupted by a request from any smart phone. The sampling time was set one minute for each recording process of the data. The testing was performed in Control Engineering laboratory, department of electrical engineering, Tanjungpura University, Pontianak. The recorded data using SD Card located in LOGGING.TXT file was then sketched into a graph on the smartphone as depicted in Figure 5 . The highest RH measured was 73.15% and the lowest was 41.87 %. The highest temperature measured from the sensor SHT11 was 31.77 °C, while the lowest was 26.14 °C. For the sensor LM35, the highest temperature measured was 31.25 °C and the lowest was 24.41 °C. From the graph, it can be concluded that the data recorder on telemetry devices can work well in data recording temperature and RH to SD Card with data recorded as many as 2,696 lines with file size 97.4 KB. The SD card will have an automatic eraser for the oldest data once it reaches its limit. 
Telemetric Measurement System at Anaerobic Digester
The built telemetric measurement device has been tested for its ability to record data on temperature and RH in an anaerobic digester. The anaerobic digester is a waste material degradation or processing of organic waste, manure, or food scraps without involving oxygen or in anaerobic condition, but with the help of anaerobic bacteria. Anaerobic digesters used in the case study of this research are used to produce methane gas, generally known as biogas. LM35 temperature sensor is used to determine the temperature of fermentation that occurs in the anaerobic digester. The conditions of the environment are measured is the ambient temperature and RH of the environment surrounding the anaerobic digester, SHT11 sensor is used to determine the value of the physical parameter. Telemetry devices placed on the anaerobic digester, and the LM35 temperature sensor is placed inside an anaerobic digester, placement of equipment and sensors can be seen in Figure 6 . Protective casing was used to protect the device from rain and weather. It was equipped with air duct of the tube so that the temperature and RH around the digester can be restrained by the sensor SHT11. The sampling time was one minute data recording without being interrupted by a request for data from telemetry applications on Android phones. Data was extracted from the file LOGGING.TXT. In CONFIG.INI file, sampling time and the mobile number is determined. On the smartphone, the displayed data sample can be set to show the last 10 or 30 minutes measurement (cycle time). Figure 7 shows the graphical representation of the recorded data of temperature and RH. The highest RH was 94.27% and the lowest one was 55.12%. Maximum ambient temperature was about 34.09 °C and the lowest 24.6 °C. The temperature in the digester was in range 22.95 °C to 37.11 °C. Figure 7 shows an example that the autonomous telemetric data measurement can work properly in recording temperature and RH. For the two days recorded data, the recording file size was 94.4 KB with 2,615 rows of data on the measured temperature and RH. 
Electrical Energy Consumption
Measurements of the electrical energy consumption were taken in various states of telemetry devices: standby, recording/reading data from or to SD card, and receiving commands/transmitting data via the modem. A standby state is a condition when no read/write data to the SD Card and nor receiving commands/transmitting data via the modem during both of these devices is connected to the telemetry system. Power consumptions which had been measured are as follows: 615.2 mW (standby state), 696.6 mW (SD card operating), and 809.5 mW (modem operating). Assuming the use of electrical energy for one hour was when the sampling time was set one minute and within an hour there was a demand for measuring data for a 30-minute cycle time. It was also assumed when writing data, the SD card operated for 1 second, and the time required to send data to the smart phone for a 30 minutes cycle time by 1 minute sampling time was 2 minutes, then it could be calculated the total consumption of electrical energy telemetry devices for one hour as follows.
The result shows that Android-based smartphone can be used as low-cost telemonitoring system which keeps providing accurate and precision data. Compared with nonAndroid based system presented in [8] , although it is commonly used system, the web-SCADA system needs web-server, DC-bus and also other communication infrastructure that make this system need higher capital budget and the further development limited to the particular software designer. In this paper, the proposed system is very low-cost, since it used the available communication infrastructure, without server, and used the available daily smartphone where almost everybody has. While, compare to other Android-based system, currently there is no application of similar system for anaerobic digestion process has been published. Generally, in terms of communication infrastructure, some previous works lacked on communication distance such as in [12] using WLAN and [13] using Bluetooh. Other Anroid based, although using the GSM infrastructure [14] , but it still needs server, which may be complicated and costly for small or medium application in developing countries. Moreover, accuracy and precision were not discuseed yet mostly in the previous paper. By this reason, an alternative technology, proposed in this paper, provide more efficient telemonitoring system compared to the previous ones, by maintaining the accuracy and precision.
Conclusion
This paper has been described a developed autonomous telemetric measurement data application using smartphone based on Android OS in order to ease monitoring and supervision of renewable energy system such as biogas producer, i.e. anaerobic digester. Android-based telemetry systems provide a convenience way and low-cost technology in monitoring the process measurement data of temperature and RH in an anaerobic digester. Telemetry applications presented in this paper worked properly where the application could display the data stored in the application database to display informative graphs and also table as raw data. Besides, data recorder worked well in recording the data at the temperature and RH measurement locations. The modem also worked well in receiving the command code of the phone as well as in sending data to the smart phone with a low energy requirement. This system is recommended to be used in order to ease the analysis process of the anaerobic digestion for bio-energy production with a low cost telemetric measurement system.
